Single crystals of the high-pressure phase Ce 7 Au 13+x Ge 10−x were obtained by treating CeAuGe at 9.5 GPa and 1473 -1523 K in a multi-anvil press. The structure of Ce 7 Au 13.35 Ge 9.65 was refined on the basis of single-crystal X-ray diffractometer data: new type, Pbam, a = 1571.9(3), b = 1780.3(4), c = 443.58 (9) 
Introduction
The ternary system Ce-Au-Ge is characterized by the germanides CeAuGe [1 -8] , CeAu 2 Ge 2 [9 -13] , Ce 5 Au 0.43 Ge 3.57 [14] , Ce 2 AuGe 6 [15] , and the solid solutions CeAu x Ge 2−x [16, 17] with AlB 2 -or α-ThSi 2 -related structures. Some of these compounds show ordering of the cerium magnetic moments at low temperature. Ferromagnetic ordering has been detected at 6 and 8 K for CeAu 0.75 Ge 1.25 [16] and CeAu 0.28 Ge 1.72 [17] , respectively. Equiatomic CeAuGe [2] has the higher Curie temperature of 10 K with an alignment of the moments approximately along the a axis of the hexagonal cell [4] . Antiferromagnetic ordering occurs in CeAu 2 Ge 2 [9 -13] . Néel temperatures between 13.5 and 16 K have been reported from susceptibility and neutron diffraction experiments. The magnetic ordering of this germanide seems to depend strongly on the conditions of sample preparation, e. g.
arc-melting or different flux techniques for crystal growth.
Under normal-pressure conditions, CeAuGe [1 -3] crystallizes with the hexagonal NdPtSb-type structure, a superstructure variant of the aristotype AlB 2 [18] . The gold and germanium atoms build up puckered layers of fully ordered Au 3 Ge 3 hexagons in AB stacking sequence, which are separated by the cerium atoms. In-situ high-pressure experiments in a diamond anvil cell showed a phase transition at 8.7 GPa [5] . CeAuGe shows a drastic orthorhombic distortion and its [AuGe] polyanionic network is three-dimensional (TiNiSi type). From a group-theoretical point of view, the phase transition is of a reconstructive type. The normal-and high-pressure modifications crystallize with different AlB 2 superstructures in the hexagonal, respectively orthorhombic branch [18] .
Based on these in-situ high-pressure results we started synthesis experiments for HP-CeAuGe in a multi-anvil cell, in order to get a bulk amount of the high-pressure phase for magnetic susceptibility and electrical resistivity studies. Instead of HP-CeAuGe we obtained a new phase, HP-Ce 7 Au 13.35 Ge 9.65 , under HP-HT conditions of 9.5 GPa and 1473 -1523 K. The structure determination and crystal chemistry of this new germanide are reported herein.
Experimental

Synthesis
The synthesis of the new high-pressure phase Ce 7 Au 13.35 Ge 9.65 started from the precursor compound CeAuGe. Starting materials for the syntheses of CeAuGe were sublimed cerium pieces (Johnson Matthey), pieces of a gold bar (Heraeus), and germanium pieces (Chempur), all with stated purities better than 99.9 %. A polycrystalline CeAuGe sample was prepared via arc-melting [19] of the elements under an argon atmosphere of ca. 700 mbar. The argon was purified over titanium sponge (900 K), silica gel, and molecular sieves. The CeAuGe sample was remelted three times in order to ensure homogeneity. The phase purity of the CeAuGe precursor was checked through a Guinier powder pattern.
The high-pressure/high-temperature treatments were carried out in a multi-anvil assembly. Details concerning the construction of the assembly can be found in references [20 -23] . A boron nitride crucible of a 14/8-assembly was loaded with carefully milled CeAuGe, compressed within 2.5 h to 9.5 GPa and heated to 1473 -1523 K for the following 15 min. After holding this temperature for 10 min (5) 113 (6) 90 (6) 21 (4) 109(4) Ge2 4h 0.52170 (7) 0.86089(6) 1/2 72 (4) 95 (5) 248 (6) 0 (4) 139(2) Ge3 4h 0.24939 (7) 0.28351(6) 1/2 113 (5) 80 (5) 75 (5) 1 (4) 90 ( the sample was cooled down to 1173 K within a minute.
To enhance the crystallinity of the sample, an annealing period of 420 min followed, accompanied by a slow decrease of the temperature from 1173 to 823 K. Afterwards, the sample was cooled to room temperature within 1 min. After decompression (8 h), the sample was carefully sep- 
EDX data
EDX analyses were carried out in variable pressure mode with a Zeiss EVO ® MA10 scanning electron microscope (SEM) with CeO 2 , Au, and Ge as standards. A small piece of the HP sample was embedded in a methylmetacrylate matrix and the surface was polished using different silica and diamond pastes. This polished surface was then analyzed in the SEM in backscattering mode (Fig. 1) . EDX analyses revealed three different phases. One major phase with an average composition of 34 ± 2 at-% Ce : 31 ± 2 at-% Au : 35 ± 2 at-% Ge can be related to the precursor CeAuGe. Of the two minor, (i) with 22 ± 1 at-% Ce : 45 ± 1 at-% Au : 33 ± 1 at-% Ge corresponds to the phase Ce 7 
X-Ray diffraction
The polycrystalline sample was characterized by a Guinier pattern (Huber G670 powder diffractometer) with CuK α1 radiation. For powder diffraction measurements, the sample was carefully crushed in a hardened steel mortar and subsequently grinded in an agate mortar. A comparison of the powder pattern recorded from the bulk material with the simulation derived from the single-crystal structure determination revealed that Ce 7 Au 13.35 Ge 9.65 is only a minor phase. The structure of the main product of this experiment is still unknown.
Powder diffraction analyses of the 7-13-10 sample prepared by arc-melting under ambient conditions showed CeAuGe and CeAu 2 Ge 2 as the main products, directly after arc-melting as well as after the annealing sequence. Both powder patterns showed an additional new phase. The remaining lines could not be associated with one of the known ternary phases listed in the Introduction. EDX analyses of that phase were close to 24 ± 1 at-% Ce : 42 ± 1 at-% Au : 34 ± 1 at-% Ge. This composition is similar to that of the new HP phase, however, the powder patterns are distinctly different. Further phase analytical studies are in progress.
Two independently selected and irregularly shaped single crystals were taken from the high-pressure treated sample by mechanical fragmentation. The crystals were first investigated by Laue photographs in a Buerger camera (white molybdenum radiation; imaging plate technique, Fujifilm, BAS-1800) in order to check the quality for intensity data collection. Subsequently, intensity data of a suit- [24] was applied to the data set. All relevant crystallographic data and details of the data collections are listed in Table 1 .
Structure refinement
The Ce 7 Au 13.35 Ge 9.65 data set showed a primitive orthorhombic lattice, and the systematic extinctions were in agreement with space group Pbam. The starting atomic parameters were derived from Direct Methods with SHELXS-97 [25, 26] , and the structure was refined with anisotropic displacement parameters for all atoms with SHELXL-97 (full-matrix least-squares on F 2 o ) [27, 28] . To check for deviations from the ideal composition, the occupancy parameters were refined in separate series of least-squares cycles. Except the Ge1 and Ge5 sites, all sites were fully occupied within three standard deviations. The course of the displacement parameters for Ge1 and Ge5 indicated mixed occupancy with more strongly scattering gold atoms. In the subsequent cycles these sites were refined with Ge/Au mixing, leading to the composition Ce 7 Au 13.35 Ge 9.65 for the investigated crystal. The final difference Fourier synthesis revealed no residual peaks. The refined atomic positions, anisotropic displacement parameters, and interatomic distances are given in Tables 2 and 3.
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizkarlsruhe.de/request for deposited data.html) on quoting the deposition number CSD-426309.
Discussion
The high-pressure phase Ce 7 Au 13+x Ge 10−x crystallizes with a new structure type. Although the Ge1 and Ge5 sites show small degrees of Ge/Au mixing, we first discuss the ideal structure and draw back to the homogeneity range later. A projection of the Ce 7 Au 13 Ge 10 structure along the c axis is presented in Fig. 2 . The gold and germanium atoms build up a complex threedimensional [Au 13 Ge 10 ] network with Au-Ge distances ranging from 249 to 293 pm, in close agreement with the sum of the covalent radii of 256 pm [29] and the Au-Ge distances within the puckered [AuGe] network of the equiatomic germanides REAuGe [3] . We can therefore assume substantial covalent Au-Ge bonding in Ce 7 Au 13 Ge 10 .
A striking structural feature of the Ce 7 Au 13 Ge 10 structure is the one-dimensional gold cluster (Fig. 3) within the [Au 13 Ge 10 ] network which extends along 0 0 z and 1/2 1/2 z (Fig. 2) . The Au7 atoms have slightly distorted tetrahedral gold coordination with Au-Au distances of 275 -285 pm close to the Au-Au distance in fcc gold (288 pm) [30] . Two such tetrahedra share a common edge via the Au6 atoms and further condense in c direction via common corners. Double tetrahedra also occur in the germanide K 4 Au 7 Ge 2 (273 -277 pm Au-Au) [31] , however, these tetrahedra exclusively share common corners, and the Au substructure of K 4 Au 7 Ge 2 can be considered as a cutout of the cubic Laves phase.
The Ge1 and Ge2 atoms are directly bonded to the gold clusters. Refinement of the occupancy parameters revealed 2.8 and 14.3 % gold on the Ge1 and Ge5 sites, respectively. Thus one can assume a small homogeneity range Ce 7 Au 13+x Ge 10−x . The Au6 and Au7 atoms react on the Ge/Au mixing. Keeping the differences in the covalent radii for Au (134 pm) and Ge (122 pm) in mind, the enhanced displacement parameters U 22 and U 33 for Au6 and Au7 are comprehensible.
The [Au 13 Ge 10 ] network leaves larger cavities that are filled by the four crystallographically independent cerium atoms. They have high coordination numbers of 19 (Ce1 and Ce2) and 20 (Ce3, Ce4) with differ- ent amounts of gold, germanium, and cerium atoms in their coordination shells: 7 Au + 7 Ge + 5 Ce for Ce1, 10 Au + 7 Ge + 2 Ce for Ce2, 9 Au + 6 Ge + 5 Ce for Ce3, and 8 Au + 6 Ge + 6 Ce for Ce4. The shortest Ce-Ce distance of 402 pm is well above the Hill limit [32] for f electron localization of 340 pm. This also suggests trivalent cerium in Ce 7 Au 13 Ge 10 . The Ge4 and Ge5 atoms are at a distance of 271 pm. In view of the Ge-Ge distances of 256 in the Zintl phase Eu 5 Ge 3 with a Ge 6− 2 dumb-bell and of 257 pm in EuIrGe 2 [33] with an infinite germanium zig-zag chain, the Ge4-Ge5 bonding in Ce 7 Au 13 Ge 10 can only be considered as weak.
Although the cerium atoms have almost equal coordination numbers, their coordination geometry is different. As emphasized in Fig. 2 , one can describe the Ce 7 Au 13 Ge 10 structure as an intergrowth of different slabs that are known from other basic structure types. The Ce1 and Ce2 atoms are part of a slab that is known for the EuAuGe type [34] . Ce4 has similar coordination to Ce 3 Ag 4 Ge 4 [35] , two planar hexagons built up from four transition metal and two germanium atoms each. The coordination of the Ce3 atoms is similar to the pattern in ordered BaAl 4 phases. It is related with the structures of CePt 2 Ge 2 [36] and CeAu 2 Ge 2 [9] . The condensation of these slabs leaves Au 2 Ge 2 rhombs which are known from HP-CeAuGe [5] . We can then describe all atoms of the Ce 7 Au 13 Ge 10 structure by a tessellation of these four basic slabs.
